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1

INK RIBBON CASSETTE AND PRINTING
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to an ik ribbon cassette for
storing an 1nk ribbon and a printing apparatus.

2. Description of the Related Art

Inrecent years, printing apparatuses have been widely used
with which a photographic print can be easily acquired from
image data obtained by using a digital camera. A thermal
transier printing apparatus using a thermal head 1s known as
one of these printing apparatuses. A thermal transier record-
ing method using a thermal head causes a thermal head and a
platen roller to convey an ink ribbon made of a long film, and
a recording sheet while nipping the ink ribbon and the record-
ing sheet, thereby performing printing. The ink ribbon 1s
formed by applying dyes (inks) to the long film. On the
thermal head, a plurality of heating elements (resistive ele-
ments) 1s arranged 1n a line. By selectively energizing these
heating elements, the dyes applied to the ink ribbon are trans-
terred onto the recording sheet, thereby performing the print-
ng.

In such a thermal transier printing apparatus, 1f the 1k
ribbon 1s not stably conveyed, wrinkles are generated 1n the
ink ribbon. If wrinkles are generated in the ink ribbon, color
loss occurs when printing 1s performed. To address this prob-
lem, 1 Japanese Patent Application Laid-Open No.
2-1780°74, a rotating shaft deformed into an arcuate shape 1s
brought 1nto contact with an ink ribbon, thereby generating a
force that stretches the ik ribbon 1n the width direction. The
force can prevent the generation of wrinkles 1n the ink ribbon.

If, however, the rotating shaft 1s used by deforming the
rotating shaft into an arcuate shape, the shaft needs to be
rotatably held while maintaining the arcuate deformation.
Thus, the stress caused by the deformation of the shait 1s
constantly applied to shaft reception portions. Further, 1f an
ink ribbon 1s conveyed without applying high tension to the
ink ribbon, the mk ribbon 1s conveyed 1n such a manner that
only the vicinity of the center of the rotating shatt 1s deformed
to have an arcuate shape and comes 1nto contact with the ik
ribbon, while both ends of the ink ribbon 1n the width direc-
tion are not 1n contact with the rotating shaft. This also creates
a new problem 1n that an 1imbalance in the tension applied to
the nbbon 1n the width direction 1s likely to generate wrinkles.

SUMMARY OF THE INVENTION

According to an aspect of the present imnvention, an ink
ribbon cassette includes a supply shatt around which an 1nk
ribbon 1s wound, a rewinding shait around which the ink
ribbon from the supply shait 1s to be rewound, a guide shaft
configured to abut the ik ribbon on a conveying path of the
ink ribbon from the supply shafit to the rewinding shaft, and a
regulation portion configured to abut the guide shait accord-
ing to a force applied to the guide shaft by the ink ribbon,
thereby deforming the guide shait to protrude toward the 1nk
ribbon side.

Further features of the present invention will become
apparent from the following description ol exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a diagram 1llustrating the external configurations
of a printing apparatus and an ink ribbon cassette used 1n the
printing apparatus, according to the present invention.
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FIG. 2 1s a development view of an 1nk ribbon.
FIGS. 3A and 3B are cross-sectional views illustrating the

operation of the printing apparatus.

FIGS. 4A and 4B are cross-sectional views illustrating the
operation of the printing apparatus.

FIG. 5 1s a flow chart 1llustrating the printing operation of
the printing apparatus.

FIGS. 6 A and 6B are cross-sectional views of the convey-
ing path of the ink ribbon 1n the printing apparatus.

FIGS. 7A and 7B are cross-sectional views of the convey-
ing path of the ink ribbon in the printing apparatus.

FIG. 8 1s an exploded view of the 1nk ribbon cassette.

FIG. 9 1s a top view of the ink ribbon cassette.

FIGS. 10A and 10B are cross-sectional views of portions
near a guide shait of the ink ribbon cassette.

FIGS. 11A, 11B, and 11C are diagrams illustrating the
configuration of the guide shaft of the 1nk ribbon cassette and
a portion near the guide shatt.

FIGS. 12A and 12B are diagrams illustrating the configu-
ration of the 1nk ribbon cassette near the guide shatt.

DESCRIPTION OF THE EMBODIMENTS

Various exemplary embodiments, features, and aspects of
the invention will be described 1n detail below with reference
to the drawings.

In the following description, “printing” refers to an entire
operation 1mcluding a series of processes from photographic
printing based on a print instruction given by a user to the
discharge of a sheet serving as a photographic printing
medium. Further, “photographic printing” refers to, in the
printing operation, the process of thermally transferring inks
applied to an 1nk ribbon onto a photographic print sheet
serving as a photographic printing medium, thereby record-
ing an image on the photographic print sheet.

A thermal transier recording printing apparatus for per-
tforming full-color printing 1s configured to deposit three col-
ors which are sequentially applied to an ink ribbon, namely
yellow (Y), magenta (M), and cyan (C), one on top of another
to perform printing, thereby generating a full-color photo-
graphic print. Such a thermal transfer printing apparatus also
transiers onto a photographically printed 1mage an overcoat
ink applied 1n advance to the 1nk ribbon, for the protection of
a photographically printed image, thereby forming an over-
coat layer on the image formed on a recording sheet.

The 1k ribbon 1s generally configured such that yellow,
magenta, and cyan dye inks and an overcoat layer, which
contains an acrylic resin as the main ingredient, are respec-
tively formed on a base film made of polyester. The dye ink 1s
tformed by applying an ink to the base film and drying the k.
The 1nk 1s obtained by dissolving a mixture of a dye, which 1s
a color material, and a synthetic resin termed a binder, 1n an
appropriate solvent.

One end of the ink ribbon 1s fixed to a cylindrical shaft
longer than the width of the ink ribbon, and then, the ink
ribbon 1s wound around the cylindrical shait. The other end 1s
fixed to another cylindrical shaft. Then, the positions of both
shafts are regulated such that both shafts are rotatably mov-
able and placed at a predetermined distance from each other.
Then, both shafts are installed within an exterior case. The
product 1s supplied as an ink ribbon cassette. Thus, an opera-
tion 1s facilitated when the user exchanges the ink ribbon,
which 1s a consumable 1tem. Further, the ink ribbon on a thin
f1lm 1s prevented from being damaged.

There 1s a great need for downsizing of such a printing
apparatus 1n terms of portability and handleabaility. To down-
s1ze the entire printing apparatus, generally, the conveying
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path of the ink rnnibbon 1s curved to gain high space efficiency.
Further, to the surface of the recording sheet used in the
thermal transier printing apparatus, a polyethylene terephtha-
late film or a polypropylene film 1s bonded. The polyethylene
terephthalate or polypropylene film contains minute air, func-
tions as a thermal insulating material and 1s bonded to natural
paper serving as a base. A polymer having high dye receptiv-
ity 1s dissolved 1n an appropriate solvent and applied to the
polyethylene terephthalate film or the polypropylene film,
thereby forming an absorbing layer.

The thermal transier recording printing apparatus causes a
thermal head and a platen roller located at a position opposed
to the thermal head, to convey the ink ribbon and the record-
ing sheet while nipping the ink ribbon and the recording
sheet. Then, the printing apparatus brings the ink ribbon and
the recording sheet into pressure contact with the thermal
head and selectively supplies electric power to heating ele-
ments arranged 1n a line on the thermal head, thereby gener-
ating heat. The printing apparatus diffusively transiers the
dyes (inks) of the ink ribbon onto the absorbing layer on the
surface of the photographic printing medium. The ink ribbon
which has transierred the dyes onto the absorbing layer on the
surface of the photographic printing medium sticks to the
photographic print sheet. However, after a predetermined
cooling time for fixing the dyes on the absorbing layer of the
photographic print sheet lapses, the ink ribbon 1s peeled off by
a mechanism for conveying a sheet and an ik ribbon, which
1s provided 1n the printer, thereby completing photographic
printing. In the photographic printing, the thermal head pro-
vides a large amount of heat to the 1nk ribbon and the photo-
graphic print sheet. Thus, the higher the gradation, the more
damaged the 1nk ribbon becomes from thermal contraction
caused by heat applied from the thermal head. Further, the
higher the gradation an area 1s, the greater the sticking force
between the 1k ribbon and the surface of the photographic
print sheet 1n the area, and the more damaged the 1nk ribbon
1s when peeled off. It 1s known that the surface of the ink
ribbon subjected to such damage becomes twisted, and
wrinkles occur and cause color loss.

Further, when the photographic printing 1s performed, the
ink ribbon and the photographic print sheet are conveyed
being nipped by the thermal head and the platen roller. Thus,
great tension 1s applied to the ink ribbon. Further, the ink
ribbon 1s conveyed also when 1t 1s not being nipped by the
thermal head and the platen roller. The tension applied to the
ink ribbon varies depending on whether or not the ink ribbon
1s nmipped by the thermal head and the platen roller. Further,
the tension applied to the ink ribbon also varies depending on
the remaining amount of the ik ribbon. Under any circum-
stances, wrinkles occur if the ik ribbon 1s not stably con-
veyed.

Therefore, a printing apparatus according to the present
exemplary embodiment has the following configuration to
stably convey an ink ribbon even 1f the tension applied to the
ink ribbon varies.

With reference to FIGS. 1 to 12B, the printing apparatus
according to the present exemplary embodiment 1s described
below.

FI1G. 1 1s a diagram 1llustrating the external configurations
ol a printing apparatus 100 and an ink ribbon cassette 300
used 1n the printing apparatus 100, according to the present
exemplary embodiment.

Asillustrated in FI1G. 1, the printing apparatus 100 includes
a cassette cover 111-1, which 1s supported openable and
closable on the side surface of the printing apparatus 100, so
that the ik ribbon cassette 300 1s attachable to and detachable
trom the printing apparatus 100 1n the directions indicated by
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an arrow 120. In an upper portion of a case 101, a display unit
102 and an operation unit 103, which includes various but-
tons, are provided. Further, the printing apparatus 100
includes interfaces such as a Universal Serial Bus (USB)
terminal and a Secure Digital (SD) card connector (not illus-
trated), so that an SD card having image data can be attached
to the printing apparatus 100 and the printing apparatus 100
can connect to an external memory device through a USB
cable, to receive image data.

The display unit 102 includes a display means such as a
liquid crystal display (LLCD). The display unit 102 displays
image data to be printed and menus for inputting setting data
necessary for printing.

The operation unit 103 includes an electric power button
104 for giving an instruction to turn on or off the electric
power source of the printing apparatus 100, and a selection
button 1035 for selecting various menus displayed on the dis-
playunit 102. Near the selection button 105, an up, down, left,
and right button 106 for moving a cursor displayed on the
display unit 102 to a desired position, and a print button 107
are provided. ITthe user has selected a desired 1image using the
up, down, lett, and right button 106 and pressed the print
button 107, the printing apparatus 100 starts printing.

The ink ribbon cassette 300 stores an ink ribbon 114, which
1s coated with sublimation ink. The ink ribbon 114 1s con-
veyed driven by a power source provided in the printing
apparatus 100 and 1s used for photographic printing. The
details of the structure of the 1nk ribbon cassette 300 will be
described later. On the front surface of the printing apparatus
100, a tray cover 111-2 1s provided, which 1s pivotally sup-
ported to be openable and closable, so that when the tray
cover 111-2 1s opened, a sheet tray 112 can be attached to the
printing apparatus 100.

In the sheet tray 112, photographic print sheets 113 cut to
a prescribed size are set in advance by the user. When printing
1s performed, a sheet feeding mechanism provided in the
printing apparatus 100 pulls only one photographic print
sheet 113 out of the sheet tray 112. Then, a thermal head of the
printing apparatus 100 transfers inks of colors, namely yellow
(Y), cyan (C), and magenta (M), and a colorless and trans-
parent overcoat (OC) for protecting a printed surface which
are coated by the ink nbbon 114, thereby performing tull-
color photographic printing. A tray top cover 112-1 1s rotat-
ably supported by the sheet tray 112. When the sheet tray 112
1s to be attached to the printing apparatus 100, the tray top
cover 112-1 1s rotated in an opening direction 1n advance by
the user. When attached to the printing apparatus 100, the tray
top cover 112-1 has the function of stacking the photographic
print sheets 113 discharged from the printing apparatus 100
alter the completion of the photographic printing.

Next, with reference to FIG. 2, the configuration of the 1nk
ribbon 114 1s described. FIG. 2 1s a development view of the
ink ribbon 114 according to the exemplary embodiment of the
present invention. In the full-color printing as described
above, generally, 1in the ink ribbon 114, yellow (Y), magenta
(M), and cyan (C) are arranged, and the colors are deposited
on a photographic print sheet one on top of another to perform
photographic printing, thereby forming a full-color 1image.
After yellow (Y), magenta (M), and cyan (C) have been
printed to form the full-color image, to further protect the
printed surface, a colorless and transparent overcoat (OC)
layer 1s provided 1n the 1nk ribbon 114 following the color
inks. The overcoat 1s applied on the entire surface of the
tull-color image formed by printing the color inks of yellow
(Y), magenta (M), and cyan (C). Between the colors arranged
in the ink ribbon 114, markings 114-1 are provided, which are
printed black bands for detecting the positions of the leading
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ends of the respective colors. To indicate the leading end of
the yellow (Y), two markings are provided to distinguish
yellow (Y) from the other colors. The sublimation ink ribbon
according to the present exemplary embodiment uses as a
base a film having high heat resistance, such as a polyethylene
terephthalate film having a thickness of two to a dozen or so
micrometers. Each of the colors, namely yellow (Y), magenta
(M), and cyan (C), 1s formed by applying a sublimation ink to
the film 1n a thickness of about 0.2 to 5 um. The sublimation
ink 1s prepared by mixing a dye with a binder, a plasticizing
agent, or a binding agent. The colorless and transparent over-
coat layer 1s formed by applying a styrene derivative, a sty-
rene resin, a styrene copolymer resin, or a binder to the film,
in a thickness of about 0.5 to 5 um. Further, a lubricant and an
abrasive are applied to the surface opposite to the surface to
which the inks are applied. The lubricant reduces the iric-
tional resistance to a sliding portion to stabilize the running of
the ink ribbon 114. The abrasive polishes and cleans the
surface of the thermal head.

Next, with reference to FIGS. 3A to 5, the printing opera-
tion of the printing apparatus 100 1s described.

FIGS. 3A to 4B are cross-sectional views 1llustrating the
operation of the printing apparatus 100. FIG. 5 1s a flow chart
illustrating the printing operation. FIG. 3A illustrates a pho-
tographic printing standby state. FIG. 3B 1llustrates a sheet
teeding state. FIG. 4A 1llustrates positioning of a top of the
ink ribbon 114. FIG. 4B illustrates an apparatus state during
a photographic printing operation. As 1llustrated in FIG. 3 A,
i1 the user attaches to the printing apparatus 100 the ink ribbon
cassette 300 and the sheet tray 112 in which the print sheets
113 are set, and presses the electric power button 104, the
printing apparatus 100 enters a standby state. Image data
supplied from an SD card (not 1illustrated) i1s read by the
printing apparatus 100 and displayed on the display unit 102.
Then, the user specifies 1image data to be printed using the
selection button 105 and the up, down, left, and right button
106. The printing apparatus 100 includes a platen roller 203
and a thermal head 201. The thermal head 201 1s rotatably
supported by a thermal head rotation shaft 202 and 1s urged 1n
a clockwise direction 1n FIG. 3A by a coil spring 204. In the
photographic printing standby state, the thermal head 201 1s
rotated clockwise 1n FIG. 3A by the urging force of the coil
spring 204 so as not to interfere with the ink ribbon cassette
300 when the 1nk ribbon cassette 300 1s inserted or removed.
Further, the position of the thermal head 201 1s regulated so as
to maximize the distance between the thermal head 201 and
the platen roller 203.

Next, 1f the user has pressed the print button 107, the
printing apparatus 100 starts the printing operation (step
S101). When the printing operation 1s started, the thermal
head 201 included 1n the printing apparatus 100 rotates coun-
terclockwise 1n FIG. 3 A about the thermal head rotation shaft
202 against the urging force of the coil spring 204 driven by
a source of power (not 1llustrated). Then, as 1llustrated in FIG.
3B, the thermal head 201 moves to an intermediate position
between the standby position and a printing position where
the thermal head 201 and the platen roller 203 nip a print sheet
(step S102). When the movement of the thermal head 201 1s
completed, the printing apparatus 100 starts a sheet feeding
operation (step S103). IT the sheet feeding operation has been
started, a pressure plate 205 included in the printing apparatus
100 rotates clockwise 1n FIG. 3B about a pressure plate rota-
tion shait 207 powered by drive force (not illustrated) and
presses up the print sheets 113 stacked 1n the sheet tray 112,
against a sheet feeding roller 206. The sheet feeding roller 206
rotates 1n the counterclockwise direction 1n FIG. 3B powered
by the drive force (not illustrated) and conveys the stacked
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print sheets 113 into the printing apparatus 100. The print
sheets 113 abut on a separation plate 208 included in the
printing apparatus 100, thereby conveying only the top of the
stacked print sheets 113. Subsequently, the conveyed print
sheet 113 1s detected by a sheet detection sensor 209, which
coniirms that there 1s no failure in the sheet feeding operation.
IT 1t has been confirmed that there 1s no failure in the sheet
teeding operation, the pressure plate 203 rotates to the posi-
tion for standby illustrated in FIG. 3A powered by the drive
force (not illustrated) so that the sheets 1n the sheet tray 112
are not erroneously conveyed 1nto the printing apparatus 100.
Subsequently, the print sheet 113 conveyed by the sheet feed-
ing roller 206 presses a switching plate 211, which 1s rotat-
ably supported by a switching plate rotation shaft 210,
thereby rotating the switching plate 211 1n the counterclock-
wise direction 1n FIG. 3B. Then, the print sheet 113 enters a
nip portion between a conveyance roller 212 and a driven
conveyance roller 213. On the conveyance roller 212, a plu-
rality of minute projections that get stuck in the back surface
of the print sheet 113 are formed so that the conveyance roller
212 can accurately convey the print sheet 113. Further, the
conveyance roller 212 1s driven by a stepper motor (not 1llus-
trated), thereby enabling the accurate control of the feeding
amount. The print sheet 113 continues to be conveyed by the
conveyance roller 212 and the driven conveyance roller 213.
Then, after the trailing edge of the print sheet 113 has passed
through the sheet detection sensor 209, the print sheet 113 1s
conveyed by a predetermined amount and stops at a photo-
graphic printing start position (step S104). IT the sheet feeding
operation has been completed and the print sheet 113 has
stopped at the photographic printing start position, the opera-
tion of the positioning of the top of yellow (Y) of the 1nk
ribbon 114 1s performed (step S105). The ribbon top position-
ing operation 1s described below.

If the print sheet 113 has been conveyed to the position
illustrated 1n FIG. 4A and the conveyance of the print sheet
113 to the photographic printing start position has been com-
pleted, the ink ribbon 114 stored 1n the 1nk ribbon cassette 300
becomes wound up. That 1s, the extremities of a rewinding
shaft 301 provided 1n the ink ribbon cassette 300 are engaged
with engagement portions included in the printing apparatus
100, and the rewinding shatt 301 1s rotated counterclockwise
in FIG. 4A powered by the drive force (not illustrated). Thus,
the mnk ribbon 114 wound around a supply shaft 302 becomes
rewound around the rewinding shaft 301. As 1llustrated in
FIG. 2, a black band 1s provided at the leading end of each
color 1n the ink ribbon 114. Particularly, two black bands are
provided at the leading end of yellow (Y). The printing appa-
ratus 100 includes an ink ribbon sensor 214, which 1s a reflec-
tive optical sensor. The ik ribbon sensor 214 detects that
reflected light 1s blocked by each black band provided 1n the
ink ribbon 114. Thus, the printing apparatus 100 stops the
conveyance of the ink ribbon 114 and positions a top of the
corresponding color of the ink ribbon 114. When positioning
a top of yellow (Y), the printing apparatus 100 determines
whether or not the two black bands can be detected (step
S106). When the operation of positioning the top of yellow
(Y) 1s performed, if one of the black bands has not been
detected, or 1f the black bands have not been detected within
a prescribed time (NO 1n step S106), the printing apparatus
100 g1ves an error indication on the display unit 102 to 1ndi-
cate an abnormality of the ink ribbon cassette 300 (step S107)
and moves the thermal head 201 to the standby position
illustrated 1n FI1G. 3A (step S127). Then, the printing appara-
tus 100 ends the printing operation.

FIG. 4A 1llustrates the state immediately after the begin-
ning of use of anew ik ribbon cassette 300. Thus, the amount
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of the mmk rnibbon 114 wound around the supply shaft 302
enables the photographic printing of a prescribed number of
sheets. IT the 1k ribbon 114 has already been used for the

photographic printing of nearly the prescribed number of
sheets, a large portion of the ink ribbon 114 1s wound around
the rewinding shatt 301, and the diameter of the ink ribbon
114 on the rewinding shait 301 side, where the ink ribbon 114
1s rewound around the rewinding shaft 301, increases by the
amount of the already rewound ink ribbon 114. Thus, the
tension applied to the ink ribbon 114 by a mechanism for
rotating the rewinding shaft 301, which 1s included in the
printing apparatus 100, decreases as the photographic print-
ing proceeds.

If the positioning the top of yellow (Y ) has been completed
(YES 1n step S106), the thermal head 201 rotates counter-
clockwise in F1G. 4 A about the thermal head rotational move-
ment shaft 202 and moves to the position where the thermal

head 201 and the platen roller 203 nip the 1nk ribbon 114 and
the print sheet 113 (step S108). 1T the movement of the ther-
mal head 201 to a photographic printing position has been
completed, then as 1llustrated 1n FIG. 4B, the print sheet 113
and the ink ribbon 114 are conveyed in the direction indicated
by an arrow A 1 FIG. 4B, while remaining nipped by the
thermal head 201 and the platen roller 203. While conveyed,

the ink ribbon 114 1s heated by the thermal head 201, and the
inks coated on the ink ribbon 114 are transferred onto the print
sheet 113, thereby performing photographic printing (step
S5109). As described above, during the photographic printing
operation, the ik ribbon 114 and the print sheet 113 are
conveyed at the same speed. Thus, a torque limiter mecha-
nism (not 1llustrated), which slips 1 load equal to or greater
than a predetermined torque has been applied thereto, 1s built
into an ink ribbon conveying mechanism included in the
printing apparatus 100. ITthe printing has been fimished by the
heating of the thermal head 201, the ink ribbon 114 and the
print sheet 113 are conveyed while maintaining a close con-
tact state a predetermined distance, and then are conveyed in
the directions of separating from each other. More specifi-
cally, the print sheet 113 1s conveyed 1n the direction of the
arrow A by the conveyance roller 212, and the ink ribbon 114
1s conveyed toward a guide shait 303, which 1s provided in the
ink ribbon cassette 300, while sliding 1n contact with a peel-
off plate 215, which 1s integrated with the thermal head 201.

The ink rlbbon 114 having stuck to the print sheet 113 due to
the heatlng of the thermal head 201 for the photographic
printing 1s conveyed to the position of the peel-off plate 215
and peeled off from the print sheet 113. If an 1mage to be
printed has a high gradation, high density 1s required. Thus, a
large amount of heat 1s provided by the thermal head 201 to
diffusively move more dye to the print sheet 113. Conse-
quently, the ink ribbon 114 1s more damaged 1n a high density
area than 1n a mid-to-low gradation area. This 1s likely to
cause twists and wrinkles. If twists and wrinkles have
occurred, color loss appears. This leads to a reduction in the
photographic printing quality. The distance between the peel-
off plate 215 and heating elements provided on the thermal
head 201 1s appropriately set to a value required to suificiently
cool and fix the dye having diffusively moved from the 1nk
ribbon 114 to the print sheet 113.

If the photographic printing of the photographic printing
area of a yellow 1mage on the print sheet 113 has been com-
pleted, the power (not 1illustrated) provided in the printing
apparatus 100 carries out drive to rotate the thermal head 201
and retract the thermal head 201 to the position illustrated 1n
FIG. 4A (step S110). Then, the print sheet 113 1s conveyed 1n

the direction opposite to the photographic printing operation
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up to the position illustrated 1n FIG. 4A (1.e., to the photo-
graphic printing start position) (step S111).

Then, similarly to the photographic printing operation of
yellow (Y), a marker 114-1M 1s detected, and the ink ribbon
114 1s conveyed to the photographic printing start position
and stopped, thereby performing the photographic printing of
magenta (M) (steps S112 to S116). Similarly, markers 114C
and 1140C are detected, and the top of the ribbon are posi-
tioned, thereby performing the photographic printing of cyan
(C) and the overcoat (OC) (steps S117 to S125). It the pho-
tographic printing of the overcoat (OC) has been completed,
the print sheet 113 1s further conveyed 1n the direction 1ndi-
cated by the arrow A 1 FIG. 4B. After the back end of the
sheet 113 has passed through the conveyance roller 212, the
sheet 113 1s discharged onto the sheet tray 112, outside the
printing apparatus 100, by the conveying force of the sheet
teeding roller 206 (step S126). If the discharge of the sheet
113 has been completed, the thermal head 201 1s rotated to the
standby position powered by the drive force (not illustrated),
and the printing 1s ended.

This completes the photographic printing operation for
placing the inks of yellow, magenta, cyan, and the overcoat
layer one on top of another in this order to transfer the 1nks.

Next, with reference to FIGS. 6 A to 7B, the behavior of the
ink ribbon 114 1s described. FIGS. 6 A to 7B are cross-sec-
tional views of the conveying path of the ink ribbon 114 1n
various states. FIG. 6A 1s a cross-sectional view of a photo-
graphic printing state using the ink ribbon cassette 300 1n the
carly period of photographic printing. As described above, the
ink ribbon conveying mechanism (not illustrated) included 1n
the printing apparatus 100 rotates the rewinding shait 301
provided in the 1ink ribbon cassette 300 counterclockwise in
FIG. 6 A. As described above, during the photographic print-
ing operation, the ik ribbon 114 and the print sheet 113 are
nipped together between the platen roller 203 and the thermal
head 201 and conveyed at the same speed. Further, the ink
ribbon 114 after the photographic printing is peeled oif from
the print sheet 113 by the peel-off plate 215. In FIGS. 6 A and
6B, the rewinding shaft 301 1s included in the ink ribbon
cassette 300 in the early period of photographic printing.
Thus, the amount of the rewound ink ribbon 114 1s small, and
the shaft diameter of the ink ribbon 114 on the rewinding shaft
301 side 1s small. Since the shaft diameter of the ink ribbon
114 on the rewinding shaft 301 side 1s thus small, the tension
caused by the rewinding shaft 301 1s great. Further, since the
ink ribbon 114 1s nipped between the thermal head 201 and
the platen roller 203 and subjected to the peel-off operation,
the conveyance load 1s great. As described above, the tension
of rewinding the ink ribbon 114 downstream of the thermal
head 201 1s great, and the conveyance load 1s great. Thus, the
tension applied to the ink ribbon 114 1s very great. Down-
stream of the thermal head 201, the ink ribbon 114 1s con-
veyed while sliding 1n contact with a rewinding-side sliding
portion 304-2 of a cassette case 304 and the peel-off plate 215.
If the tension applied to the 1ink ribbon 114 1s great, stress
occurs 1n the portions of the conveying path that slide 1n
contact with the ink ribbon 114. It1s, however, easy to provide
the peel-off plate 215 and the rewinding-side sliding portion
304-2 with relatively strong structures. Thus, great force 1s
also applied to the guide shaft 303, which i1s provided to
sharply change the conveying direction on the rewinding side
and abuts on the 1k ribbon 114. More specifically, stress 1s
applied to deform the guide shait 303 in the direction 1ndi-
cated by an arrow B 1n FI1G. 6 A. The guide shait 303 1s formed
of an elastic member that 1s elastically deformable, such as a
resin. Thus, the application of great force to the guide shaft
303 deforms the guide shaft 303. To curve the conveying path
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of the ink ribbon 114, the guide shait 303 1s provided in the
ink ribbon cassette 300 to abut on the ik ribbon 114. The
apparatus 1s configured 1n the above mentioned way to place
between the thermal head 201 and the ink ribbon cassette 300
the conveyance roller 212 and the conveyance driven roller
213, which serve as a sheet conveying mechamism, and a
mechanism for holding these rollers, thereby downsizing the
printing apparatus 100.

FI1G. 6B 1s a cross-sectional view of the state where a top of
the ribbon 1s positioned using the 1nk ribbon cassette 300 in
the early period of photographic printing. As described above,
when the operation of positioning the top of each color of the
ink ribbon 114 1s performed, the ink ribbon 114 1s not nipped
between the thermal head 201 and the platen roller 203.
Further, as 1llustrated in FIG. 6B, the thermal head 201 1s
located at the mtermediate position, and theretfore, the con-
veying path of the ink ribbon 114 1s not as sharply curved at
the peel-oif plate 215 as 1n the photographic printing state.
Further, the conveyance resistance to the ik ribbon 114 1s
caused only by dynamic friction that occurs 1n a supply-side
sliding portion 304-1, the rewinding-side sliding portion 304-
2, the thermal head 201, and the peel-off plate 215, which
slide 1n contact with the ink ribbon 114. That 1s, the load 1s
very small for the rewinding shaft 301. Since the load 1s small,
the tension applied to the ink ribbon 114 1s small. Therefore,
the stress applied to the portions on the conveying path of the
ink ribbon 114 that slide 1n contact with the ink ribbon 114 1s
small.

FIG. 7A 1s a cross-sectional view of a photographic print-
ing state using the ink ribbon cassette 300 1n the final period
of use. The portion of the ink ribbon 114 that has already been
used for photographic printing 1s rewound around the rewind-
ing shait 301. Accordingly, the shait diameter of the ink
ribbon 114 on the rewinding shait 301 side i1s large, and
therefore, the tension applied to the ink ribbon 114 1s rela-
tively small. Since the shaft diameter of the ink ribbon 114 on
the rewinding shaft 301 side 1s large, the speed of conveying,
the ik ribbon 114 becomes faster. As described above, how-
ever, during the photographic printing, the ink ribbon 114 and
the print sheet 113 are conveyed together between the thermal
head 201 and the platen roller 203 at the same speed. Thus, the
torque limiter (not 1llustrated) included 1n the printing appa-
ratus 100 slips to match the speeds of conveying the ink
ribbon 114 and the print sheet 113. More specifically, the
tension applied to the ink ribbon 114 by the rewinding shaft
301 1s determined by the slip torque of the torque limiter and
the shaft diameter of the ink ribbon 114 on the rewinding shaft
301 side formed by the already rewound ink ribbon 114. As
described above, also in the early period of photographic
printing, during the photographic printing operation, the
torque limiter conveys the ink ribbon 114 while slipping.
Theretore, the tension applied to the ink ribbon 114 during the
photographic printing operation 1n the final period of photo-
graphic printing illustrated 1n FIG. 7A has a smaller value
than in the early period of photographic printing.

FIG. 7B 1s a cross-sectional view of the state where the top
ol the ribbon 1s positioned using the ink ribbon cassette 300 1n
the final period of use. Similarly to the ribbon top positioning
operation 1n the early period of photographic printing 1llus-
trated 1n FIG. 6B, the conveyance resistance to the 1nk ribbon
114 1s low. However, the portion of the ink ribbon 114 that has
already been used for photographic printing 1s wound around
the rewinding shait 301. Thus, the shait diameter of the 1ink
ribbon 114 on the rewinding shait 301 side, on which the ink
ribbon 114 1s to be rewound, 1s larger than in the early period
of use of the 1k ribbon cassette 300. If the slip torque of the
torque limiter (not illustrated) included 1n the printing appa-
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ratus 100 1s small, 1t 1s not possible to cause suilicient tension
because the shaft diameter of the ink ribbon 114 on the
rewinding shatt 301 side 1s large. Thus, 1t 1s not possible to
rewind the 1ink ribbon 114. Thus, the slip torque of the torque
limiter 1s adjusted to have a value that enables the rewinding
of the ink ribbon 114 1n the state of FIG. 7B.

As described above with reference to FIG. 6B, the convey-
ance resistance to the ink ribbon 114 i1s caused only by
dynamic friction in each portion. If, however, this conveyance
resistance 1s high, 1t 1s necessary to increase the slip torque of

the torque limaiter. This increases the tension that occurs 1n the

ink ribbon 114 1n the state of FIG. 6A.
Next, with reference to FIGS. 8 to 11C, the details of the
configuration of the ink ribbon cassette 300 are described.
FIG. 8 1san exploded view of the ink ribbon cassette 300. The
ink ribbon 114 1s stored 1n the cassette case 304 such that the
ink ribbon 114 1s wound around the supply shatt 302 at one
end, and the other end 1s attached to the rewinding shaft 301.
The cassette case 304 1s formed of a general-purpose molded
material such as acrylonitrile butadiene styrene (ABS), or an
engineering plastic such as polycarbonate (PC). The rewind-
ing shait 301 and the supply shait 302 are similar components
and are injection-molded products using a highly slidable
material made of a general-purpose resin such as ABS or
polystyrene (PS). The cassette case 304 1s shaped into two
general semicylinders connected together. A supply-side case
305 and a rewinding-side case 306 cover the respective semi-
cylinders to form nearly a cylindrical shape. The supply-side
case 305 and the rewinding-side case 306 are engaged with
the cassette case 304 by supply-side case engaging claws
305-1 and rewinding-side case engaging claws 306-1, respec-
tively, and integrated with the cassette case 304. Further, the
supply-side case 305 and the rewinding-side case 306 are
injection-molded resin products similar to the cassette case
304. The supply shatt 302 and the rewinding shait 301 are
placed in the general cylinder formed by the cassette case 304,
the supply-side case 305, and the rewinding-side case 306,
and are rotatably supported. The ink ribbon 114 slides 1n
contact with the supply-side sliding portion 304-1 and the
rewinding-side sliding portion 304-2, which are provided in
the cassette case 304, and 1s curved at the guide shaft 303,
which 1s rotatably supported by the cassette case 304. The 1ink
ribbon 114 1s placed to pass through an opening portion
provided between the supply-side case 3035 and the rewind-
ing-side case 306, and the cassette case 304, and to take a path
illustrated in FIGS. 6 A to 7B. The guide shaft 303 1s produced
by the injection molding of polybutylene terephthalate con-
taining 30% of glass fiber (PBT-G 30%), which 1s a high-
strength resin. The guide shait 303 includes a larger diameter
portion 303-2, which comes into contact with the ink ribbon
114, and smaller diameter portions 303-1, which are provided
coaxially with the larger diameter portion 303-2 at both ends
of the larger diameter portion 303-2. The rewinding-side case
306 includes first regulation portions 306-2, second regula-
tion portions 306-3, and third regulation portions 306-4, each
of which 1s shaped into a plurality of ribs 1n the axial direction
of the guide shaft 303, and guide shaft regulation portions

306-5, on approximately the opposite side of the ink ribbon
114 across the guide shatit 303.

FIG. 9 15 a top view of the 1nk ribbon cassette 300. FIGS.
10A and 10B are cross-sectional views of portions near the
guide shatft 303 when viewed along lines C-C and D-D,
respectively, indicated in FIG. 9. At the position 1llustrated in

FIG. 10A, a guide shaft reception portion 304-3, which rotat-
ably holds the smaller diameter portion 303-1 of the guide
shaft 303, 1s provided 1n the cassette case 304. The guide shaft
reception portion 304-3 1s formed of a resin and shaped into a
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thin cantilever plate. The guide shatt reception portion 304-3
has a structure that 1s elastically deformable in the direction
indicated by an arrow E 1n FIG. 10A. Near the smaller diam-
cter portion 303-1, guide shaft regulation portions 304-4 and
306-5, which regulate the position of the shait 303 in the
rotational direction, are provided 1n the rewinding-side case
306 and the cassette case 304. The reason why the smaller
diameter portion 303-1 1s provided 1n the guide shaft 303 and
the guide shaft 303 1s rotatably supported at the smaller diam-
cter portions 303-1, 1s that this structure can make the rota-
tional sliding resistance low relative to the rotational moment
applied to the larger diameter portion 303-2 by the ink ribbon
114. The conveying path of the ink ribbon 114 is sharply
curved at the guide shaft 303. Thus, 11 the rotational move-
ment resistance of the guide shait 303 1s high, the force
required to convey the ink ribbon 114 increases. As described
above, a thermal transfer printing apparatus performs printing
by mipping and conveying an ink ribbon and a print sheet
while applying heat to the ink ribbon. Thus, the 1nk ribbon 1s
damaged by heat. At this time, 1f the 1nk ribbon has been
pulled by greater force, wrinkles and twists may occur in the
ink ribbon having deteriorated by the thermal damage. This
may reduce the photographic printing quality.

The gumide shait regulation portions 304-4 and 306-3 are
integrated with the cassette case 304 and the rewinding-side
case 306, respectively, and shaped 1nto ribs. The guide shafit
regulation portions 304-4 and 306-5 regulate the position of
the guide shaft 303 1n the lett, nght, and up directions in FIG.
10A with slight clearances between the guide shait regulation
portions 304-4 and 306-5 and the guide shait 303. In the
present exemplary embodiment, each of the clearances in the
left, right, and up directions 1s 0.2 mm. In the down direction
(the direction of the arrow E 1n FIG. 10A), a relatively large
clearance 300-1 1s provided. Thus, the guide shait 303 is
configured to move downward 1f the guide shait reception
portion 304-3 deforms in the direction E as indicated by a
dashed-dotted line 1n FIG. 10A. In the present exemplary
embodiment, the clearance between the smaller diameter por-
tion 303-1 and the guide shatt regulation portion 306-5 1n the
down direction 1s set to 0.5 mm. As 1llustrated in FIG. 10A,
the guide shaft reception portion 304-3 has nearly a cantilever
shape and supports the guide shait 303 at a position close to
the free end side. In the state where the guide shait reception
portion 304-3 1s not deformed, the position of the guide shaft
303 1n the rotational direction 1s regulated such that the guide
shaft 303 1s rotatably supported by the gmide shaft regulation
portions 304-4 and 306-5 and the guide shaft reception por-
tion 304-3. More specifically, in the situation where, as 1llus-
trated 1n FIG. 6A, the load applied to the guide shait 303 is so
great that the ink ribbon 114 pushes 1nto the guide shatt 303
in the direction indicated by the arrow B 1n FI1G. 6 A, the guide
shaft reception portion 304-3 bends 1n the direction E as
indicated by the dashed-dotted line in FIG. 10A. Then, the
guide shait 303 1s configured to move in the down direction,
that 1s, downward along the guide shaft regulation portion
306-5.

At the position illustrated in FIG. 10B, the larger diameter
portion 303-2 of the guide shatt 303 curves the ink ribbon 114
to guide the conveyance of the ink ribbon 114. The first,
second, and third regulation portions 306-2, 306-3, and 306-4
provided in the rewinding-side case 306 are placed with a
different clearance between each portion and the larger diam-
cter portion 303-2 ofthe shait 303. Each of the first regulation
portions 306-2 provided near a center portion of the guide
shaft 303 1s shaped into ribs each having an arc shape con-
centric with the guide shaft 303 and has an extremely small
clearance between the first regulation portion 306-2 and the
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guide shait 303. In the present exemplary embodiment, the
clearance between each of the first regulation portions 306-2
and the larger diameter portion 303-2 1s set to 0.1 mm. As
illustrated 1n FIG. 8, the three first regulation portions 306-2
are provided symmetrically in the center portion of the shaft
303. The second regulation portions 306-3 are provided
slightly away from the center portion of the guide shaft 303
and symmetrically 1n the axial direction. Each of the second
regulation portions 306-3 1s shaped into ribs each having an
arc shape concentric with the guide shaft 303, similarly to the
first regulation portions 306-2. The clearance between each of
the second regulation portions 306-3 and the larger diameter
portion 303-2 1s set to 0.15 mm, and two second regulation
portions 306-3 are placed on the left and right, respectively,
therefore, the four second regulation portions 306-3 1n total.
Further, the third regulation portions 306-4 are provided fur-
ther away from the center portion of the guide shaft 303 and
symmetrically 1n the axial direction. Each of the third regu-
lation portions 306-4 1s shaped into ribs, similarly to the
second regulation portions 306-3. The clearance between
cach of the third regulation portions 306-4 and the larger
diameter portion 303-2 1s set to 0.20 mm, and the two third
regulation portions 306-4 are placed on the left and right near
the ends of the shaft 303.

FIGS. 11A and 11B are cross-sectional views along a line
F-F i FIG. 10B. FIGS. 11A and 11B are diagrams exagger-
ating the state where the tension applied to the ink ribbon 114
1s small and the state where the tension applied to the ink
ribbon 114 is great, respectively, for illustrative purposes.
Further, FIG. 11C 1s a simplified view of a portion near the
guide shait 303. In FIG. 11C, the cassette case 304 1s omitted,
and the first, second, and third regulation portions 306-2,
306-3, and 306-4 arc indicated by dotted lines for i1llustrative
purposes. As illustrated in FIG. 11C, the width of the 1nk
ribbon 114 1s approximately equal to the length of the larger
diameter portion 303-2 of the guide shait 303. More specifi-
cally, if the tension applied to the ink ribbon 114 1s great,
approximately the entire area of the larger diameter portion
303-2 of the guide shatit 303 is subjected to a load.

As 1llustrated 1n FIG. 6B or 7B, 1n the situation where the
tension that occurs 1n the ink ribbon 114 1s small, the force of
bending the guide shait 303 and the guide shait reception
portions 304-3 hardly occurs. Thus, as illustrated in FIG.
11A, the clearance 300-1 1s secured even above the first
regulation portions 306-2 that are closest to the guide shaft
303. This does not cause high conveyance resistance. Further,
the guide shait 303 maintains a linear cylindrical shape and

therefore can guide the entire surface of the ink ribbon 114 1n
the width direction. This enables the guide shait 303 to stably
convey the ik ribbon 114.

As 1llustrated in FIG. 6 A, 11 great tension has occurred 1n
the ink ribbon 114, the force of moving the guide shatt 303 1s
applied 1n the direction of an arrow B indicated 1n FIG. 10B.

As 1illustrated 1n FIG. 11B, 11 the shait reception portions
304-3 have been pressed by the guide shait 303 and have bent,
the position of the guide shait 303 moves. Consequently, first,
the first regulation portions 306-2 and the guide shait 303,
which are placed with the smallest clearance 300-1 therebe-
tween, start coming nto contact with each other. If the shaft
reception portions 304-3 have further bent, the guide shaft
303, which 1s being pressed over approximately the entire
length by the ink ribbon 114, further moves and abuts the
second and third regulation portions 306-3 and 306-4. In this
case, the larger diameter portion 303-2 1s subjected to a load.
However, the conveying force applied to the ink ribbon 114
by the printing apparatus 100 1s great and therefore does not
prevent the conveyance of the ink ribbon 114. Further, the
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center portion of the guide shaft 303 1s supported by the first
regulation portions 306-2, and both ends of the guide shaft
303 are supported by ribs having a clearance larger than the
clearance 300-1, 1n other words, supported by lower ribs. This
causes the guide shaft 303 to protrude toward the 1nk ribbon
114. Consequently, the ink ribbon 114 1s conveyed along the
axial direction while stretched from the center portion to both
ends. This results 1n smoothing wrinkles and twists caused by
thermal damage from photographic printing.

Further, the gmde shait reception portions 304-3 are
tormed of elastic members. Thus, if the guide shait reception
portions 304-3 have been pushed 1n by the ink ribbon 114 and
have deformed to the positions 1llustrated in FIG. 11B, force
acts 1n the directions of returning to the original shapes. If the
tension of the ink ribbon 114 has decreased, the restoring
force of the guide shaft reception portions 304-3 returning to
the original shapes urges the guide shaft 303. Thus, the guide
shaft 303 moves in a direction away from the regulation
portions 306 and returns to the state of FIG. 11A.

The guide shait 303 1s thus rotatably supported by the
clastically deformable shait reception portions 304-3. Thus,
if the stress that occurs in the guide shaft 303 1s small, the
rotational movement of the guide shaft 303 1s allowed only in
the shaft reception portions 304-3. This enables the guide
shaft 303 to stably guide the entire surface of the ink ribbon
114. Further, 1f the stress that occurs 1n the guide shait 303 1s
great, the guide shaft 303 1s moved. Then, the guide shaft 303
abuts the regulation portions 306-2 to 306-4. Among the
regulation portions 306-2 to 306-4, the ribs included 1n the
regulation portions located on the shaft center portion side are
formed higher than the ribs included 1n the regulation portions
located on the shatt end portion sides. This causes the guide
shaft 303 to protrude toward the ink ribbon 114 side and
prevents wrinkles and twists. This enables the guide shaft 303
to stably convey the 1ink ribbon 114.

In the present exemplary embodiment, the guide shait 303
1s provided 1n the ink ribbon cassette 300. Alternatively, with
a stmilar configuration, the guide shaft 303 may be provided
in a printer body.

Further, 1n the present exemplary embodiment, the shaft
reception portions 304-3 are shaped into cantilevers and con-
figured to be elastically deformable so that the guide shait 303
1s movable. Alternatively, the configuration may be such that
the guide shait 303 moves using another urging method.

FIGS. 12A and 12B are diagrams 1llustrating the configu-
ration of the ink ribbon cassette 300 near the guide shait 303
describing the guide shait regulation portions 306-5.

FIG. 12A 1s a diagram 1illustrating the rewinding-side case
306, the rewinding shaft 301, the ink ribbon 114, and the
guide shait 303 when viewed from the cassette case 304 side,
while omitting the cassette case 304. The guide shaft 303 1s
hidden behind the ink ribbon 114 and therefore 1s indicated by
a dotted line. Further, also the portion of the rewinding-side
case 306 near the first, second, and third regulation portions
306-2, 306-3, and 306-4 and the guide shaft regulation por-
tions 306-5 are hidden behind the guide shaft 303 and the 1nk
ribbon 114 and therefore are indicated by a dotted line.

As has been described above, the circumierential force
applied to the guide shaft 303 results from the tension of the
ink ribbon 114. The maximum value of the tension 1s basi-
cally determined based on the difference between the force of
winding up the ink rnibbon 114 and the force against the
winding up.

For example, 11 the coellicient of dynamic friction between
the back surface of the ink ribbon 114 and the surface of the
thermal head 201 1s high, the tension that occurs in the 1k
ribbon 114 increases.
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Further, the ink ribbon 114 and the print sheet 113 are
nipped and conveyed between the thermal head 201 and the
platen roller 203 while the dyes applied to the ink ribbon 114
are transierred onto the print sheet 113 by heat provided by
the thermal head 201. Then, the 1nk ribbon 114 and the print
sheet 113 are peeled off from each other by the peel-oif plate
215. To obtain a high-density 1image, the amount of heat to be
provided to the ik ribbon 114 by the thermal head 201
increases. At this time, the sticking force between the ink
ribbon 114 and the print sheet 113 increases, and the force of
peeling off the ink ribbon 114 and the print sheet 113 from
cach other by the peel-off plate 215 increases. More specifi-
cally, 1t a high-density image has been printed, the sticking
force between the ink ribbon 114 and the print sheet 113
increases, and the conveyance resistance of the ink ribbon 114
1ncreases.

As 1llustrated in FIG. 12A, the third regulation portions
306-4 are placed slightly within the full width of the ink
ribbon 114. Further, the length of the larger diameter portion
303-2 of the guide shaft 303 is slightly greater than the full
width of the ink ribbon 114. This configuration 1s taken to
minimize the sizes of the members included 1n the 1nk ribbon
cassette 300, such as the ik ribbon 114 and the guide shatt
303, while taking into account the manufacturing tolerances
of the members, thereby downsizing the ink ribbon cassette
300.

FIG. 12B 1s a cross-sectional view along a line 7a-7a 1n
FIG.12A. FIG. 12B illustrates the state of an ink ribbon 114-1

immediately after the beginning of use of the ink ribbon
cassette 300, and the state of an ink ribbon 114-2 immediately
betore the end of use of the ink ribbon cassette 300 for
illustrative purposes. Further, the guide shaft 303 before mov-
ing by the tension of the ink ribbon 114 1s indicated by a solid
line, including the portion hidden behind the guide shaft
regulation portion 306-35. Further, the guide shaft 303 after the
movement 1s mndicated by a dotted line, including the portion
that 1s not hidden behind the guide shait regulation portion
306-5. As illustrated in FIG. 11B, the guide shatt 303 moves
under the tension of the ink ribbon 114, and the guide shatt
reception portion 304-3 bends. As described above, however,
the tension that occurs 1n the ink ribbon 114 also increases or
decreases depending on the 1mage to be printed. More spe-
cifically, the larger the area of the high gradation portion of
the 1mage, the greater the force required to peel off the 1nk
ribbon 114 from the print sheet 113. This results 1n increasing
the tension that occurs 1n the ink ribbon 114. If very great
force 1s applied to the guide shatt 303, the part of the guide
shaft 303 outside the third regulation portion 306-4 1s further
moved, that 1s, the part near the smaller diameter portion
303-1, which 1s an end portion of the guide shait 303.

If the guide shait 303 moves a predetermined distance or
more, the smaller diameter portion 303-1 abuts the guide
shaft regulation portion 306-5 to regulate the position of the
guide shaft 303. The guide shait regulation portion 306-5 is
formed 1n the rewinding-side case 306 in an integrated man-
ner. The guide shait regulation portion 306-5 includes a por-
tion 306-15, which regulates the rightward movement of the
smaller diameter portion 303-11n FIG. 12B, aportion 306-25,
which regulates the downward movement of the smaller
diameter portion 303-1, and a portion 306-35, which connects
both portions 306-15 and 306-25 to form an arc shape. The
inner diameter of the arc shape 306-35 1s greater than the
outer diameter of the smaller diameter portion 303-1 of the
shaft 303. In the present exemplary embodiment, the outer
diameter of the smaller diameter portion 303-1 1s 1.20 mm,
and the inner diameter of the arc shape 306-35 1s 1.50 mm. As
illustrated in FIGS. 6 A and 7A, downstream of the guide shatt
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303, the ink ribbon 114 1s rewound around the rewinding shaft
301, and the shaft diameter of the ink ribbon 114 on the
rewinding shaft 301 side changes, thereby changing the con-
veying path of the ink rnibbon 114 from 114-1 to 114-2. Thus,
the vector of the force applied to the guide shaft 303 by the
tension of the ink ribbon 114 changes from the direction
indicated by an arrow FR to the direction indicated by an
arrow PR 1n FIG. 12B.

The vector indicated by the arrow FR shows the direction
of the force that 1s applied to the guide shatt 303 immediately
alter the beginning of use of the ink ribbon cassette 300, 1n the
state where little amount of the ink ribbon 114 1s wound
around the rewinding shaft 301 and the shaft diameter of the
ink ribbon 114 on the rewinding shaft 301 side 1s small. If
predetermined force or more has been applied 1n the direction
of moving the guide shatt 303 under the tension of the ink
ribbon 114, the guide shait 303 abuts the guide shatt regula-

tion portion 306-5 to regulate the position of the guide shaft
303 as described above.

The vector indicated by the arrow PR shows the direction
ol the force that 1s applied to the guide shait 303 in the final
period of use of the ik ribbon cassette 300, 1n the state where
a large amount of the ik ribbon 114 1s wound around the
rewinding shaft 301 and the shaft diameter of the ink ribbon
114 on the rewinding shaft 301 side 1s large. As the shaft
diameter of the ink ribbon 114 wound up around the rewind-
ing shaft 301 side increases, the tension applied to the ink
ribbon 114 decreases. Due to a factor such as the character-
1stics of the 1image as described above, however, great force
may also be applied to the guide shaft 303 1n the direction
indicated by the arrow PR. Even 1n the final period of use of
the 1k ribbon cassette 300, 1f great force has been applied to
the guide shatt 303, the gulde shaft 303 moves, and the
smaller diameter portion 303-1 of the guide shaft 303 abuts
the guide shatt regulation portion 306-5 to regulate the posi-
tion of the guide shaft 303.

The s1ze of the arc shape 306-35 1s set so that regardless of
whether the force applied by the ink ribbon 114 shows the
direction of the arrow FR or the direction of the arrow PR, the
smaller diameter portion 303-1 of the guide shaft 303 abuts
the arc shape 306-35 of the guide shait regulation portion
306-5 after the movement of the guide shait 303. In other
words, the size of the arc shape 306-35 is set to contain the
vectors indicated by the arrow FR and the arrow PR.

The arc shape 306-35 as described above 1s set 1n order that
the guide shait 303 abuts the shaft regulation portion 306-3 at
one point. For example, 11 the force 1s acting in the direction
of the arrow FR, the guide shatt 303 abuts the shaft regulation
portion 306-5 at a point 7b on the arc shape 306-35. This 1s
because the inner diameter of the arc shape 306-35 of the shait
regulation portion 306-5 is larger than the outer diameter of
the smaller diameter portion 303-1 of the guide shatt 303.

More specifically, during the use of the ink ribbon cassette
300, even iithe direction of the force applied by the ink ribbon
114 has changed from the direction of the arrow FR to the
direction of the arrow PR, the smaller diameter portion 303-1
of the guide shait 303 always abuts the arc shape 306-35
between the direction of the arrow FR and the direction of the
arrow PR. Thus, during the use of the ink ribbon cassette 300,
even 1f the shatit diameter of the ink ribbon 114 on the rewind-
ing shait 301 side has changed, the smaller diameter portion
303-1 of the guide shaft 303 abuts the guide shaft regulation
portion 306-5 at one point.

If the guide shaft regulation portion 306-5 does nothave the
arc shape 306-35, or 11 the shait diameter of the ink ribbon 114
on the rewinding shaft 301 side has changed but the smaller
diameter portion 303-1 does not abut the arc shape 306-33, or
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if the inner diameter of the arc shape 306-35 of the guide shaft
regulation portion 306-5 1s smaller than the outer diameter of
the smaller diameter portion 303-1 of the guide shaft 303, the
smaller diameter portion 303-1 abuts the guide shait regula-
tion portion 306-5 simultaneously at two points. I the smaller
diameter portion 303-1 has come into contact with the guide
shaft regulation portion 306-5 at two points, resistance
against the rotational movement of the guide shaft 303
changes depending on the abutting state of the guide shatt
regulation portion 306-5. This may prevent the guide shaft
303 from stably conveying the ink ribbon 114. In contrast, the
guide shaft regulation portion 306-5 according to the present
exemplary embodiment abuts the smaller diameter portion
303-1 at one point and therefore stabilizes the rotational
movement resistance of the guide shaift 303. This enables the
guide shait 303 to stably convey the ink ribbon 114.

In the present exemplary embodiment, the gmde shaft
regulation portions 306-5 are provided 1n the rewinding-side
case 306. Alternatively, with a similar configuration, the
guide shaft regulation portions 306-5 may be provided 1n a
printer body or 1n the cassette case 304.

While the desirable exemplary embodiments of the present
invention have been described, the present mnvention i1s not
limited to these exemplary embodiments, but can be modified
and changed 1n various manners within the scope of the
ivention.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the invention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2013-138334 filed Jul. 1, 2013, which 1s
hereby incorporated by reference herein in 1ts entirety.

What 1s claimed 1s:

1. An ink ribbon cassette comprising:

a supply shait around which an 1nk ribbon 1s wound;

a rewinding shait around which the ink ribbon from the
supply shaft 1s to be rewound;

a guide shait configured to abut the 1nk ribbon on a con-
veying path of the ink ribbon from the supply shaft to the
rewinding shaft; and

a regulation portion configured to abut the guide shaft
according to a force applied to the guide shait by the ink
ribbon, thereby deforming the guide shaft to protrude
toward the 1nk ribbon side.

2. The 1k ribbon cassette according to claim 1, further
comprising a shaft reception portion configured to support the
guide shatt,

wherein the shatit reception portion 1s configured such that
the guide shaft 1s movable according to the force applied
by the 1nk ribbon.

3. The ink ribbon cassette according to claim 2, wherein the
shaft reception portion 1s configured such that the guide shaft
moves to the regulation portion side under tension applied to
the 1nk ribbon when the ik ribbon 1s conveyed.

4. The ink ribbon cassette according to claim 3, wherein, 11
the tension applied to the ik ribbon 1s small, the guide shaft
1s held at a position where the guide shait does not abut the
regulation portion.

5. The ink rnbbon cassette according to claim 3, wherein the
shaftreception portion is configured to urge the guide shait, in
a direction away from the regulation portion.

6. The ink ribbon cassette according to claim 2, wherein the
shaft reception portion 1s formed of an elastic member.
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7. The ink ribbon cassette according to claim 1, wherein the
regulation portion includes a plurality of ribs having different
heights, and

wherein the ribs that abut a center portion of the guide shait

are formed higher than the ribs that abut end portions of 5

the guide shatt.

8. The ink ribbon cassette according to claim 1, wherein the
guide shaft 1s provided on the rewinding shait side on the
conveying path of the 1ink ribbon.

9. The ink rnibbon cassette according to claim 1, wherein the
guide shaft curves the conveying path of the 1ink ribbon.

10. The 1ink ribbon cassette according to claim 1, wherein
the regulation portion has an arc-shaped area which abuts the
guide shait when the guide shait has moved against the regu-
lation portion.

11. The ik ribbon cassette according to claim 10, wherein
an inner diameter of the arc shape 1s greater than an outer
diameter of a portion of the guide shaft that abuts the guide
shaft regulation portion.

12. The ink ribbon cassette according to claim 1, wherein
the regulation portion deforms the guide shait to protrude
toward a point of contact with the 1nk ribbon.

13. A printing apparatus comprising;:

a supply shait around which an 1nk ribbon 1s wound;

a rewinding shait around which the ink ribbon from the

supply shait 1s to be rewound;

a guide shaft configured to abut the ink ribbon on a con-
veying path of the ink ribbon from the supply shatt to the
rewinding shaift; and

a regulation portion configured to abut the guide shaft
according to a force applied to the guide shait by the 1nk
ribbon, thereby deforming the guide shaft to protrude
toward the ik ribbon side.

14. The printing apparatus according to claim 13, further
comprising a shaft reception portion configured to support the
guide shaft,

wherein the shait reception portion 1s configured such that
the guide shaft 1s movable according to the force applied
by the 1k ribbon.

15. The printing apparatus according to claim 14, wherein
the shait reception portion 1s configured such that the guide
shaft moves to the regulation portion side under tension
applied to the ink ribbon when the ik ribbon 1s conveyed.

16. The printing apparatus according to claim 13, wherein,
if the tension applied to the ink ribbon 1s small, the guide shatt
1s held at a position where the guide shait does not abut the
regulation portion.
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17. The printing apparatus according to claim 15, wherein
the shait reception portion 1s configured to urge the guide
shaft, in a direction away from the regulation portion.

18. The printing apparatus according to claim 14, wherein
the shalt reception portion 1s formed of an elastic member.

19. The printing apparatus according to claim 13, wherein
the regulation portion includes a plurality of ribs having dif-
ferent heights, and

wherein the ribs that abut a center portion of the guide shatt

are Tormed higher than the ribs that abut end portions of
the guide shatt.

20. The printing apparatus according to claim 13, wherein
the guide shatt 1s provided on the rewinding shaft side on the
conveying path of the ink ribbon.

21. The printing apparatus according to claim 13, wherein
the guide shaft curves the conveying path of the 1nk ribbon.

22. The printing apparatus according to claim 13, wherein
the regulation portion abuts the guide shaft, thereby deform-
ing the guide shaftt to protrude toward the 1nk ribbon side.

23. The printing apparatus according to claim 20, turther
comprising:

a thermal head and a platen roller provided at a position

opposed to the thermal head;

an ik ribbon conveyance unit configured to rotate the

rewinding shaift to convey the ink ribbon; and

a sheet conveyance unit configured to convey a sheet,

wherein, when an 1nk of the ink ribbon 1s transferred onto

the sheet, the ink ribbon conveyance unit conveys the ink
ribbon and the sheet conveyance unit conveys the sheet
while the thermal head and the platen roller nip the sheet
and the ink ribbon, and the guide shatt 1s provided closer
to the rewinding shait on the conveying path of the 1nk
ribbon than the thermal head 1s.

24. The printing apparatus according to claim 13,

wherein the regulation portion has an arc-shaped area

which abuts the guide shait when the guide shaft has
moved against the regulation portion.

25. The printing apparatus according to claim 24, wherein
an inner diameter of the arc shape 1s greater than an outer
diameter of a portion of the guide shaft that abuts the guide
shaft regulation portion.

26. The printing apparatus according to claim 13, wherein
the regulation portion deforms the guide shait to protrude
toward a contact point with the ink ribbon.
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